Abstract. coronary heart disease (chd) is a complex disorder resulting from the interaction of a number of genetic and environmental factors. increasing evidence has shown that Ox40 ligand (Ox40l), also known as tumor necrosis factor superfamily member 4 (tnFSF4), plays a key role in the pathogenesis of atherosclerosis. however, there have been inconsistent reports in various populations, and further studies are required to clarify this issue. a gene-based association study was conducted using five single-nucleotide polymorphisms (SNPs) reported in previous studies. The five SNPs (rs1234314, rs45454293, rs3850641, rs1234313 and rs3861950) were genotyped in 547 unrelated chd patients and 601 healthy controls in a case-control study using polymerase chain reaction and restriction fragment length polymorphism. rs1234314, rs3850641 and rs3861950 were further genotyped in an additional 512 cases and 520 controls using the taqman Snp genotyping method. a possible relationship between the five SNPs and the severity of CHD was investigated. The results revealed no significant association between the TNFSF4 polymorphism and chd. in addition, the stratified analysis of genotypic and allelic frequencies showed no association between the TNFSF4 polymorphism and chd in either gender. Finally, no significant correlation between the TNFSF4 polymorphism and chd severity was detected. These findings do not support a role of the TNFSF4 gene in chd pathogenesis in the chinese han population.
Introduction
coronary heart disease (chd) is the leading cause of death in industrialized countries, and its prevalence is rapidly increasing in China. Recent research has shown that inflammation plays a critical role in chd pathogenesis and in other manifestations of atherosclerosis (1) . Experimental evidence has confirmed that activated T cells are implicated in atherogenesis (2, 3) .
numerous studies have implicated tnFSF4/tnFrSF4 in the activation of t cells, as well as that of macrophages (4) . TNFSF4, also known as Ox40l, is primarily expressed by activated B cells, vessel endothelial cells, macrophages, dendritic cells and certain activated t cells. this generates costimulatory signals by interacting with tnFrSF4 on activated t lymphocytes and enhances the proliferation and differentiation of t lymphocytes and the development and survival of memory t cells (5) . thus, it is suggested that the tnFSF4-tnFrSF4 pathway plays a key role in atherosclerosis through its participation in t cell activation. numerous genetic studies have indicated a relationship between tnFSF4-tnFrSF4 and cardiovascular diseases. in 2006, ria et al confirmed that genetic variation in TNFRSF4 was associated with myocardial infarction (mi) in a Swedish population (6) . Furthermore, mashimo et al found an association between TNFRSF4 gene polymorphisms and essential hypertension (7) . there is current evidence showing that TNFSF4 is the gene underlying the atherosclerosis susceptibility locus 1 (ath1) in mice, and that genetic polymorphisms in TNFSF4 are associated with mi and the severity of coronary artery disease (cad) in humans (8) . a subsequent study by malarstig et al suggested that TNFSF4 variants are associated with the risk of incident atherothrombosis and venous thromboembolism in caucasions (9) . a recent study demonstrated that interruption of the tnFSF4-tnFrSF4 pathway attenuates atherogenesis in LDL receptor-deficient mice (10) . however, despite the convincing evidence of disease association, a study involving a chinese han population is lacking. the present study aimed to replicate previous findings. We investigated the association between genetic Lack of evidence to support the association of polymorphisms within the TNFSF4 gene and coronary heart disease in a chinese han population 
Materials and methods
Study subjects. Subjects with han chinese ethnicity (n=2180) were included in this case-control study. a total of 1059 patients with clinically manifested chd, 682 males and 377 females, were recruited from qilu hospital of Shandong university between September 2006 and march 2010. the CHD patients were confirmed by coronary angiography to have >50% stenosis in 1 or more coronary arteries. patients who had a history of hyperthyroidism, secondary hypertension, chronic liver disease, chronic renal disease, acute infection and hematologic diseases were excluded from the study. a total of 1121 unrelated subjects (714 males and 407 females) were randomly selected as controls from a health check-up center in qilu hospital during the same period. the controls were free of chd according to medical history and showed no clear ischemic changes by electrocardiography or symptoms of chest pain. Subjects with congestive heart failure, peripheral vascular disease, rheumatic heart disease, pulmonary heart disease, chronic kidney and hepatic disease were excluded. a structured questionnaire based on interviews and clinical examinations was employed to characterize the patients and the controls. these included details of medical history, family history of chd and other traditional risk factors of chd, such as drug intake, cigarette smoking and alcohol consumption. Blood pressure, weight, height, waistline and hip circumference were also checked, and body mass index and waist-to-hip ratio were calculated. the clinical and demographic characteristics of the patients are shown in table i. Genomic dna was extracted from peripheral blood leukocytes by a standard salting-out method. this study was approved by the Ethics committee of Shandong university School of medicine, and informed consent was obtained from the participants.
Single-nucleotide polymorphism selection. the singlenucleotide polymorphisms (Snps) examined here (rs3850641, rs1234313 and rs3861950) were as previously investigated in the two case-control samples from Sweden (8) . the two other Snps (rs45454293 and rs1234314) are located in the 5'-flanking region and may represent potential functional variants. One of them (rs45454293) was previously associated with incident venous thromboembolism (9) . the locations of the Snps are shown in Fig. 1 .
Single-nucleotide polymorphism genotyping. initially, the Snps were genotyped using the pcr-rFlp method. Snps rs3850641, rs1234314 and rs3861950 were genotyped using the taqman Snp genotyping method with assay-on-demand probes and primers (c_2955962_10 for rs1234314, c_26492316_10 for rs3850641 and c_8920839_10 for rs3861950; applied Biosystems, Foster city, ca, uSa) in the further recruited samples. For the pcr-rFlp, the gene sequences harboring the five sites were obtained from Genbank. primers were designed with primer premier 5.0. the primers and restriction enzymes were: rs1234314 forward, 5'-tatc tgctgggtgcctcatg and reverse, 5'-gtcagacactgtgttagatg, ScrF i; rs45454293 forward, 5'-ttttagtggtaaagggtacctggtgtct and reverse, 5'-ataagctttgaagattatttctttctttgagct, Sac i; rs3850641 forward, 5'-tttgaagctttgagtcactgatatacctggtctaccaa and reverse, 5'-gcacgcacacattgctccgctatta, Mfe i; rs1234313 forward, 5'-cactgatgggcatttgggtt and reverse, 5'-ccactgccttgccatacct, Hpy ch4 iV; rs3861950 forward, 5'-caccctttgcccatagttc and reverse, 5'-ccttcagggagatgagataaa, Hin cii. pcr was carried out in a 10 µl reaction volume containing 25 ng of genomic dna, 5 pmol of each primer, 100 µmmol/l of each dntp, 2 µl 5 x pcr buffer and 1 u taq dna polymerase. amplification was carried out with an initial denaturation step at 94̊C for 5 min, followed by 35 cycles of denaturation at 94̊C for 40 sec, annealing at a suitable temperature for 40 sec, extension at 72̊C for 50 sec with a final extension at 72̊C for 10 min. the pcr products containing the Snps were digested with the suitable restriction enzyme (nEB, Beijing, china). the products were separated by electrophoresis on 1.5-2.5% agarose gel. the genotyping accuracy in the samples was confirmed by direct sequencing of the PCR products for certain randomly chosen samples.
Statistical analysis. Genotype frequencies of the Snps detected were tested for Hardy-Weinberg equilibrium.
Variations in genotype and allelic frequencies between case and control groups, odds ratios (oR), 95% confidence intervals (ci), and logistic regression analysis were calculated using plink 1.07. continuous variables were displayed as the mean ± standard deviation (Sd), and the comparison of continuous variables was carried out using the Student's t-test. a p-value <0.05 was considered significant. Bonferroni correction was used to correct the multiple test. For the 5 Snps each having 3 model tests included in the study, the adjusted p value significance threshold was 0.05/(5*3)=0.003. Power calculations were performed with the power calculator for genetic association analysis by menashe et al (11) . For rs3850641, we referred to a study by Wang et al (8) in which the relative risk of rs3850641 in myocardial infarction was 1.4. For the other Snps, the power was calculated under the assumption of a disease prevalence of 0.10, d-prime of 1, dominant model and using the allelic frequency of each Snp as marker frequency.
Results

Clinical and demographic characteristics of the cases.
the body mass index (Bmi), systolic blood pressure (SBp), diastolic blood pressure (dBp), glucose (Glu), total cholesterol (TC) and triglyceride (Tg) all demonstrated significant variations between the cases and controls. according to the examination results, >85% of the cases had a history of mi. compared with the controls, the cases had higher SBp, dBp, Glu, and tG levels. the clinical characteristics of the study subjects are shown in table i.
Association of the polymorphisms with coronary heart disease.
The distributions of all five SNPs were in Hardy-Weinberg equilibrium (p>0.05) in both the chd and control groups. the distributions of genotypic and allelic frequencies of these Snps in each group are shown in tables ii and iii. neither genotypes nor alleles differed between the case and control groups in the overall distribution (all p>0.05). meanwhile, we established the recessive, dominant models and cochran-armitage trend test using PLiNK; no significant differences in the models were detected between the two groups (all p>0.05).
Case-only association study. a case-only study was conducted to determine the effect of TNFSF4 variations on disease severity. the patients were divided into three subgroups according to the numbers of coronary arteries involved. the frequencies of the five SNPs in each group were compared. as shown in Table iV , there were no significant differences in the distribution of genotypic and allelic frequencies between each group. although the p-value for rs3861950 between singlevessel and double-vessel, and single-vessel vs. triple-vessel was <0.05, the significance threshold was not reached after adjustment.
Power calculation. For rs3850641, our sample size had the power of >90% when α was 0.05 under that assumption. For the other four SNPs, our sample size had ≥80% power to detect the effect of a relative risk of 1.4.
Discussion
atherosclerosis is characterized by a complex multifactorial pathophysiology. it was formerly considered a disease of lipid accumulation, yet it actually involves an ongoing inflammatory response. Recent research has demonstrated that inflammation plays a pivotal role in the pathogenesis of atherosclerotic coronary artery disease. Vascular inflammation plays a predominant role in the initiation, progression and final steps of atherosclerosis (12) . Numerous studies have shown that the tnFSF4-tnFrSF4 pathway plays a critical role in the pathogenesis of cardiovascular diseases. We first investigated the association of the TNFSF4 gene and CHD using 547 patients and 601 controls. No significant differences were found in the genotypic and allelic frequency distribution between the two groups in the chinese han population studied. moreover, even after adjusting for age, gender, BMi, SBP, DBP, glu, TC and Tg, no significant differences were found for the Snps typed. to exclude falsenegative results due to the small sample size, we genotyped rs3850641, rs1234313 and rs3861950 in additional samples using the taqman assay method. in the Stockholm coronary atherosclerosis risk Factor (ScarF) study, the minor allele of Snp rs3850641 in TNFSF4 was found to be associated with increased risk of mi in women (8) . however, in our study, significant differences in genotypes were not found in either gender for the five SNPs, even after adjusting for age, gender, Bmi, SBp, dBp, Glu, tc and tG.
in a previous study, the minor allele of rs3850641 in TNFSF4 was significantly more frequent in individuals with mi than in the controls in two independent human cohorts (8), while no significant difference was observed in our samples, and the frequency of the minor allele was even slightly higher in the controls. also, no significant difference was found between the allelic frequencies in our data and the han chinese in Beijing (hcB) data from hapmap. analysis of the linkage disequilibrium (ld) structure using haploview showed there is not much difference in the ld of the TNFSF4 gene between hcB and utah residents of northern and western European ancestry. a number of possibilities may account for the lack of association between the Snps and chd in this case-control study, including diagnostic heterogeneity, sample size, table iii. Genotype frequencies and allelic frequency distribution of three polymorphisms.
total subjects (n=2180) male (n=1396) ------------------------------------------------------------------------------------------------------- total subjects (n=1148) ---------------------------------------------------------------------------------------------------- population stratification and various genetic backgrounds in the various populations. to increase the homogeneity of our patients, we also performed a case-only association study; the genotypic and allelic frequencies did not indicate any trend in difference between the groups. With our sample size, we expected a power of at least 80% in detecting an effect of relative risk ≥1.4 for each of the SNPs even at α=0.05. therefore, our failure to detect an association between CHD and these five SNPs may not have been due to the sample size. Our results suggest that the Snps studied in the TNFSF4 gene are unlikely to contribute to the chd risk in the chinese han population. these results were consistent with those of Koch et al who did not find any association between the TNFSF4 gene and mi in a German population (13) . in addition, Olofsson et al, in an association study of TNFSF4 gene variations with the risk for ischemic stroke using expression analysis, no significant association was found (14) .
Female (n=784) ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
in conclusion, the present study aimed to determine whether the TNFSF4 gene is associated with chd in a Chinese Han population. We did not find any significant association between five SNPs studied and CHD in our samples. Our results suggest that the TNFSF4 gene is unlikely to be a major susceptibility gene for chd in our population.
